Recruitment of transcriptional and epigenetic factors to their targets is a key step in their regulation. Prominently featured in recruitment are the protein domains that bind to specific histone modifications. One such domain is the plant homeodomain (PHD), found in several chromatinbinding proteins. The epigenetic factor RBP2 has multiple PHD domains, however, they have different functions (Figure 4 ). In particular, the Cterminal PHD domain, found in a RBP2 oncogenic fusion in human leukemia, binds to trimethylated lysine 4 in histone H3 (H3K4me3)
1
. The transcript corresponding to the RBP2 isoform containing the C-terminal PHD accumulates during differentiation of promonocytic, lymphomaderived, U937 cells into monocytes 2 . Consistent with both sets of data, genome-wide analysis showed that in differentiated U937 cells, the RBP2 protein gets localized to genomic regions highly enriched for H3K4me3 3 . Localization of RBP2 to its targets correlates with a decrease in H3K4me3 due to RBP2 histone demethylase activity and a decrease in transcriptional activity. In contrast, two other PHDs of RBP2 are unable to bind H3K4me3. Notably, the C-terminal domain PHD of RBP2 is absent in the smaller RBP2 isoform 4 . It is conceivable that the small isoform of RBP2, which lacks interaction with H3K4me3, differs from the larger isoform in genomic location. The difference in genomic location of RBP2 isoforms may account for the observed diversity in RBP2 function. Specifically, RBP2 is a critical player in cellular differentiation mediated by the retinoblastoma protein (pRB). Consistent with these data, previous genome-wide analysis, without distinction between isoforms, identified two distinct groups of RBP2 target genes: 1) genes bound by RBP2 in a manner that is independent of differentiation; 2) genes bound by RBP2 in a differentiation-dependent manner.
To identify differences in localization between the isoforms we performed genome-wide location analysis by ChIP-Seq. Using antibodies that detect both RBP2 isoforms we have located all RBP2 targets. Additionally we have antibodies that only bind large, and not small RBP2 isoform (Figure 4) . After identifying the large isoform targets, one can then subtract them from all RBP2 targets to reveal the targets of small isoform. These data show the contribution of chromatin-interacting domain in protein recruitment to its binding sites in the genome.
Video Link
The video component of this article can be found at http://www.jove.com/video/2101/
Protocol
The protocol was originally adapted from B. Ren, 2001. It represents a slight modification of the protocol by Odom et al. 5 that can be found at http://jura.wi.mit.edu/cgi-bin/young_public/navframe.cgi?s=22&f=appendices_downloads
1. Pre-block and binding of antibody to magnetic beads (Should be performed the night before next step) 1 . If the cells were frozen, thaw them out. Once thawed, spin the cells down at 3,000 rpm for 10 minutes at 4°C and discard the supernatant. Then, resuspend the cells in 6 mL of Lysis Buffer 2 (10 mM Tris-HCl, pH 8.0, 200 mM NaCl, 1mM EDTA, 0.5 mM EGTA, containing protease inhibitors). Rock the tubes gently at room temperature for 10 minutes. 2. Repeat centrifugation and resuspend the cells in 2.5 mL of Lysis Buffer 3 (10 mM Tris-HCl, pH 8.0, 100 mM NaCl, 1 mM EDTA, 0.5 mM EGTA, 0.1% sodium deoxycholate, 0.5% N-lauroylsarcosine, containing protease inhibitors). 3. Next, prepare the suspension for sonication by placing it in a beaker of icy water with the microtip of a Branson 450 Sonifier set to between 50 and 60% amplitude. 4. Sonicate the solution for a 30 second constant burst and cool on ice for 1 minute. Repeat these pulses 10 to 15 times. Then, pipette the contents of the tube up and down and transfer them to a new tube. Continue to pulse and cool the solution an additional 5 times. 5. Following sonication, add 10% Triton X-100 to 1/10 of the solution volume. Transfer the lysates to 1.5 mL centrifuge tubes, and spin the debris out in a microcentrifuge. Then transfer the cell lysate to a new tube.
Chromatin Immunoprecipitation
1. Prior to chromatin immunoprecipitation, or ChIP, save 50 μL of the cell lysate as the input sample. Then, combine the cleared cell lysate with Dynabeads pre-bound to antibody that have been previously prepared as described above. Rock the mixture, in addition to the 50 μL input sample, at 4°C overnight. 2. Wash the beads with 1 mL of the Wash Buffer (50 mM HEPES-KOH, pH 7.6, 0.5 M LiCl, 1mM EDTA, 0.7% sodium deoxycholate, 1% NP-40).
Then, use a magnetic stand to collect the beads and remove the supernatant. Repeat this wash 6 to 8 times. 3. Perform a final wash with 1 mL TE-plus-50 mM NaCl (10 mM Tris-HCl, pH 8.0, 50 mM NaCl, 1 mM EDTA). Spin the beads in a microcentrifuge at 3,000 rpm for 2 minutes at 4°C. Following centrifugation, aspirate any residual TE buffer. 4. Then, add 100 μL of Elution Buffer (50 mM Tris-HCl, pH 8.0, 10 mM EDTA, 1% SDS) to the samples. Immediately after, incubate the samples at 65 °C for 10 to 15 minutes. Scratch the tubes against a 1.5 mL tube rack every 2 minutes to keep the beads in the suspension. 5. Collect the beads using centrifugation and the magnetic stand, and transfer the supernatant to a PCR tube. Then, retrieve the previously saved input sample and add 3 volumes of the Elution Buffer. 6. Finally, place the IP and input samples into the thermal cycler overnight at 65 °C to reverse the cross-linkages. 7. The following day, add 1 volume of TE buffer to the samples. Then, add RNase A to a final concentration of 0.2 μg/μL. Incubate the samples in the thermal cycler for 1 to 2 hours at 37 °C. 8. After incubation, add proteinase K to a final concentration of 0.2 μg/μL. Then, incubate samples in the thermal cycler at 55 °C for 2 hours. 9. Next, extract the samples once with one volume of phenol. Extract the samples a second time with one volume of phenol:chloroform:isoamyl alcohol. Finally, extract the samples once more with one volume of chloroform:isoamyl alcohol. 10. Then, add 30 μg of glycogen to each sample. Also, add NaCl to a final concentration of 0.2 Molar and two volumes of ethanol to the samples.
Incubate them for 30 minutes at -80 °C. After incubation, spin the samples and decant the supernatant. Wash the pellets with 500 μL of 75% ethanol. Then, dry the pellets and re-suspend them in 40 μL of water. 11. To check the sizes of the DNA fragments produced by the sonication procedure, load 5 μg of the purified input sample in a 1.8% agarose gel and run the gel. The sonication procedure should produce fragments in the range of 150-350 base pairs. However, if the fragments do not fall in this range, the sonication procedure should be adjusted by varying the number of bursts and the amplitude. 12. To check robustness and specificity of ChIP, the enrichment in control binding regions by performing gene-specific PCR with 1 μl of the IP samples and a dilution series of the input sample. Two to three "bound" regions and an unbound control region need to be selected in order to test quality of IP and input samples. Figure 4 . Isoform-specific antibody allows distinguishing between large and small isoforms of RBP2. RBP2 protein structure is presented in domain view. RBP2 contains several domains: the catalytic histone demethylation JmjC domain and associated JmjN domain, an ARID domain capable of sequence-specific DNA binding, a C5HC2 zinc finger that may potentially interact with DNA or other proteins, and multiple PHD domains. The two anti-RBP2 antibodies that allow distinguishing between RBP2 isoforms were derived against the RBP2 fragments indicated by thick lines. 
Amplification of genomic DNA

Discussion
Functional differences between RBP2 isoforms have not been determined. We have used a comprehensive approach to identify genomic regions bound by RBP2 isoforms and define the functional categories that these regions represent. This was accomplished by ChIP-Seq analysis followed by bioinformatics analysis of obtained sequence reads.
RBP2 modifies methylated lysine residues on histone tails. We found that RBP2 large isoform containing the recognition module for methylated histone lysine and RBP2 small isoform lacking this module bind to different regions in the human genome ( Figure 5A ). Importantly, isoformspecific regions and overlapping regions belong to genes with different molecular functions ( Figure 5B ). For example, "chromatin binding" and "transcription factor binding" functions can be ascribed to gene targets of RBP2 small isoform but not of RBP2 large isoform ( Figure 5B ). By comparing actual gene sets generated for all isoforms and RBP2 large isoform (data not shown), we can also define if the large isoform is specifically recruited to certain genes.
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